Introduction
Studies over the past decade have demonstrated that the hormonal events that occur during the menstrual cycle of the chimpanzee closely parallel those seen in women (Graham, Collins, Robinson & Preedy, 1972; Graham, Keeling, Chapman, Cummins & Haynie, 1973;  Reyes, Winter, Faiman & Hobson, 1975; Graham, 1981) . The anatomy of the reproductive tract, including the cervix, is very similar to that of women (Wislocki, 1932; Gould & Martin, 1981) and follicular development and ovarian ovulatory physiology also appear to be similar (Graham & Bradley, 1972; Ansari & Gould, 1980) . Previous work on chimpanzees and man has shown that progesterone levels rise before ovulation, coincident with the initiation of the ovulatory LH surge. The role, if any, of this hormone in ovulation has been obscure. Since the early 1970s, many publications have appeared which implicate follicular oestrogen secretion with induction of LH secretion by influencing both hypothalamic and pituitary function (e.g. Karsch et al., 1973 ; Vande Wiele & Ferin, 1979; Weick & Pomerantz, 1979; Garcia, Jones & Wright, 1981) . Such reports have focussed on oestrogen alone and have not deliberately investigated any role of progestagen(s) in the system.
To investigate further the relationship of circulating steroids with ovulation and with cervical mucus composition, this study was directed towards identifying the effect of progestagen induction of the preovulatory surge of LH. In addition, we wished to evaluate alteration of cervical mucus electrolytes during this period because initial studies of chimpanzees and women suggested certain correlations between circulating hormone levels and electrolyte composition of the cervical mucus (Gould, 1978; Gould & Ansari, 1981) .
In women, oestrogen treatment alters the physical properties of cervical mucus in a manner similar to that seen at mid-cycle (Jacobelli, Carcea & Angeloni, 1979) . In general, progesterone counteracts the effect of oestrogen, e.g. pituitary sensitivity is reduced, cervical mucus is more viscous and less crystallized, and the sexual swelling of the chimpanzee is reduced in size. Alteration in physical properties of cervical mucus was documented in association with use of oral contraceptives containing progestagen and oestrogen (Singh & Boss, 1973) . Such changes in the physical properties and composition of cervical mucus are very similar to those observed in the luteal phase of the menstrual cycle and during pregnancy. Previously reported work has provided a description of the changes in visco-elasticity and electrolyte composition of cervical mucus during the menstrual cycle of the chimpanzee and human using the techniques applied here (Gould, Martin & Graham, 1976; Gould & Ansari, 1983 ).
Materials and Methods
The subjects of this study were 3 female chimpanzees that had been ovariectomized 8 years before the start of these experiments, and had received periodic oestrogenic or progestational stimulation in connection with other studies. In the present study, these animals were treated with exogenous hormones according to four protocols (Text- fig. 1 Gonadotrophins (LH, FSH) were assayed using published methods and antisera directed to human hormones (Graham, Gould, Collins & Preedy, 1979 (Howland, Faiman & Butler, 1971 The elemental composition of the collected cervical mucus was recorded as X-ray counts collected in a 50 sec period, and the ratios of elements were calculated directly from X-ray counts without scaling or correction for detector efficiency. This method has been described in detail elsewhere (Gould, 1978) .
Visco-elasticity (spinnbarkeit) of the mucus was measured in mm, and the net weight of the remaining cervical mucus was determined using a Cahn electro-balance. The dry weight and then the percentage of water in the cervical mucus was determined after desiccation for 48 h to constant weight. Values for hormone concentration, electrolyte concentration and spinnbarkeit were compared for each group of 3 values derived from different animals using Student's / test, and tested for significance at the 95% confidence level (P < 005). Comparisons were made for each of 2 groups of data as the animals were used on two occasions.
Results
At the start of the experimental treatments, gonadotrophin levels were elevated significantly in all 3 animals (LH 33-39 mi.u./ml, FSH 75-115 mi.u./ml above normal circulating levels (Gould & Ansari, 1981) and the FSH/LH ratio was 1-3:1.
Administration of oestrogen resulted in prompt reduction in FSH and LH values to levels similar to those seen in normally cyclic animals; these concentrations were maintained during the first 8-9 days of oestrogen administration (Text-figs 2a & 2b) (Graham, 1981 This prompt rise in LH and FSH after administration of chlormadinone acetate was a consistent finding in these experiments. The time course and magnitude of the rises were within the range observed for chimpanzees ovulating normally (Gould & Ansari, 1981) (Text-fig. 3a) . Sodium values fell throughout the experiment (Text-fig. 3b ). The initial administration of chlormadinone acetate resulted in a significant increase in the Cl : Na + ratio (Text- fig. 3c ). During oestrogen treatment, spinnbarkeit of the cervical mucus increased significantly (10-15 fold) with maximum levels being obtained 23-48 h after the start of progesterone administration, i.e. around the time of ovulation in an intact animal (Text-fig. 3d ). 
Discussion
The results of these experiments show that, although there is a progression of events occurring in response to stimulation with exogenous oestrogen alone that approach the conditions seen around the time of ovulation, major changes in hormone levels and cervical mucus characteristics do not occur until several hours after progestagen treatment is also given. The alteration in endogenous hormone levels after mestranol treatment initially followed a predictable pattern. In the ovariectomized female, gonadotrophin levels are markedly elevated. These concentrations were reduced to normal cycle values by oestrogen administration in all the chimpanzees studied. Results of elemental analysis and physical characterization of cervical mucus substantiated the hypothesis that low levels of oestrogen favour secretion of potassium into the cervical mucus . The ratio of Cl:Na + was previously shown to vary throughout the menstrual cycle, and to peak around the time of ovulation (Gould & Ansari, 1983) and this change was observed in this study. The percentage of water in the cervical mucus was not influenced as significantly by oestrogen stimulation as would have been expected from data in the literature derived from normally cyclic females (Kopito, Cosasky, Sturgis, Lieberman & Shwachman, 1973 (Garcia et al., 1981) . The present study is the first to focus specifically on the effect of progestagen in oestrogen-primed females of a non-human primate, and provides some support for the use of the oestrogen : progestagen ratio as an indicator of ovulation time in women.
Progesterone enhances maturation of rhesus monkey oocytes in vitro The model used in this study is artificial in so far as ovariectomized females were used and orally-active hormones were administered. We believe the model represents an acceptable picture of the changes occurring around ovulation, however, because of the normal physiological changes in perineal skin and cervical mucus which were recorded, demonstrating a maintenance of end organ response, presumably as a result of the repeated exposure of the animals to gonadotrophins during the period after ovariectomy (see 'Materials and Methods'). The evidence presented here, together with other data on oocyte maturation , demonstrates a more important role of preovulatory progestagen in induction of normal periovulatory changes than heretofore ascribed.
